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Behavioral decision making 




given	by	the	following	function,	starting	with ! = 1.		











































Drinking norms  







Descriptive	norms	! !  for	! = 1	are	based	on	the	daily	prevalence	of	alcohol	use,	for	
age/gender	reference	groups.	The	current	model	uses	a	total	of	18	reference	groups	
(man/woman	x	eight	age	groups).	Descriptive	norms	for	! > 1 are	based	on	the	observed	mean	
and	standard	deviation	of	the	number	of	drinks	per	drinking	occasion	for	each	reference	group	
(see	equation	3,	Web	Appendix).			





















drinking	occasion	as	0.4 ∗ 3.5 !"#$%&!"#"$ + 1 − 0.4 ∗ 2 !"#$%!!"#"!"$%" = 2.6 !"#$%&.		
































































































































Strengths and limitations 
To	our	knowledge,	this	is	the	first	individual-level	simulation	model	to	successfully	investigate	
proposed	normative	mechanisms,	and	the	effects	of	policy-relevant	factors.	The	conceptual	
model	is	sufficiently	generic	to	enable	adaptation	to	behaviors	besides	alcohol	use.	
A	key	advantage	of	the	generative	approach	is	that	it	identifies	the	mechanisms	that	support	
the	reasoning	process	of	“what	works	for	whom	in	what	circumstances”	used	in	intervention	
design	(Pawson,	2002).	Normative	mechanisms	that	influence	alcohol	use	can	also	be	
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integrated	with	other	mechanisms	(e.g.	relating	to	opportunities	to	drink,	or	coping	motives	
driven	by	stress	(Kuntsche,	Knibbe,	&	Gmel,	2009)	to	provide	additional	context	that	can	inform	
the	effectiveness	of	a	norm-based	intervention.		
A	limitation	of	the	current	model	is	that	includes	only	age	and	gender	as	individual	
characteristics.	Other	characteristics	such	as	religion,	race/ethnicity,	and	socioeconomic	status	
are	relevant	with	regard	to	injunctive	norms	(Kathol	&	Sgoutas-Emch,	2017;	Meyers,	Brown,	
Grant,	&	Hasin,	2017;	Pedersen,	Bakken,	&	von	Soest,	2015).	While	it	is	anticipated	that	these	
characteristics	will	be	included	in	future	versions	of	the	model,	it	is	important	to	note	that	
scarcity	of	empirical	evidence	on	injunctive	drinking	norms	in	these	subgroups	poses	a	
challenge	to	informing	respective	priors	of	the	model.		
Another	limitation	of	the	current	model	is	that	the	desire	to	drink	is	set	as	constant.	Future	
versions	of	the	model	could	implement	additional	mechanisms	to	model	incident	alcohol	use	
disorders	due	to	physiological	or	psychological	processes	(Koob,	2003)	or	declines	in	desire	to	
drink	when	transitioning	into	certain	social	roles	(Kuntsche	et	al.,	2009).	While	such	additions	
may	make	for	a	more	accurate	representation	of	the	‘real	world’,	they	would	at	the	same	time	
move	away	from	a	clean	representation	of	one	particular	theory,	i.e.,	the	social	norms	theory.	
Conclusions 
Future	applications	of	the	model	may	be	used	to	(a)	investigate	normative	dynamics	in	alcohol	
use	in	different	sociocultural	contexts;	(b)	help	generate	quantitative	predictions	over	trends	in	
population-level	alcohol	use;	and	(c)	help	develop	analytical	procedures	for	policy	analysis	of	
normative	interventions	and	related	scenario	planning.	However,	normative	dynamics	in	
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alcohol	use	will	need	to	be	combined	with	other	individual	processes	to	overcome	the	
limitations	of	the	norms	approach,	and	to	better	understand	the	various	parameters	such	as	
desire	and	autonomy.	
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	Box	1:	Definitions	of	key	modeling	and	simulation	terms	
Agent-based/Individual	level	
simulation	model	
A	computer	modeling	method	in	which	heterogeneous	
agents/individuals	act	(and	interact)	within	a	simulated	
environment	according	to	behavior	rules.	Individuals,	their	
environment,	and	their	behavior	rules	are	implemented	in	a	
computer	program,	and	global	population-level	phenomena	arise	
from	individual	actions.	
Calibration	 The	process	by	which	a	model’s	input	parameter	values	are	
systematically	selected	using	repetitive	sampling	so	that	model	
outputs	fit	known	empirical	data.	
Generative	sufficiency	 The	ability	of	a	calibrated	individual-level	simulation	model	to	
generate	a	macroscopic	regularity	(population-level	
phenomenon)	based	on	a	particular	behavior	rule	set,	agent	
population,	and	environment.		If	the	behavior	rules	demonstrate	
generative	sufficiency,	then	those	rules	are	a	candidate	
explanation	for	why	the	population-level	phenomenon	arises.	
Latin	hypercube	sampling	 A	method	for	generating	samples	from	the	parameter	space	of	a	
simulation	that	aims	to	provide	good	coverage	of	that	space	
given	a	limited	sample	budget.	
Mechanism	(social	mechanism)	 A	hypothetical	causal	model	or	behavioral	rule	that	explains	a	
social	phenomenon	based	on	actions	and	interactions	of	
individuals.	
Macro-level	entity	 Entities	are	the	individuals	in	mechanism-based	theories.	Macro-
level	entities	are	social	constructs	that	impact	individuals.	
Micro-level	entity	 Micro-level	entities	are	individuals	who	may	perform	actions,	
often,	individual	people.	
Micro-synthesis	 A	method	to	generate	a	representative	synthetic	population	of	a	
given	geography.	Iterative	proportional	fitting	is	used	to	make	an	
individual	level	dataset	with	demographics	and	alcohol	use	
behaviour	fit	the	known	socio-demographic	constraints	of	a	
geographical	area.		
Model	fitness	 A	statistical	measure	of	discrepancy	between	model	outputs	and	
empirical	data.	
Parameter	 A	numerical	variable	used	as	input	to	a	model,	the	precise	value	
of	which	is	not	known	at	the	outset	of	a	simulation.		The	values	of	
parameters	may	be	changed	in	the	process	of	calibration	so	that	
model	outputs	can	be	fit	to	empirical	data.		
Prior	distribution	 The	distribution	expressing	prior	beliefs	regarding	the	model	
parameter.	The	distribution	is	used	to	repeatedly	sample	possible	
parameter	values	in	the	calibration	process.		
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FIGURES 
	
	
Figure	1	Conceptual	social	norms	model	of	health	risk	behavior	on	the	example	of	alcohol	use.		
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Figure	2	Flow-chart	of	simulation	model	processes,	individual-level	decision	making,	and	process	
scheduling.	
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Figure	3	Calibrated	simulation	model	outputs	(baseline	model)	compared	to	target	data	with	95%	confidence	intervals:	prevalence	of	current	
drinking	in	the	past	12	months	(left);	average	grams	of	pure	alcohol	consumed	per	day	among	current	drinkers	in	the	past	30	days	(middle)	
and	average	number	of	drinking	days	in	the	past	30	days	among	current	drinkers	(right)	by	gender.	The	solid	line	shows	modelled	estimates	
using	the	baseline	parameter	set,	the	dotted	line	shows	target	data	used	for	calibration.	The	shaded	range	indicates	the	confidence	interval	
(based	on	stochastic	variation	across	10	simulation	runs	for	model	outputs).	
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Figure	4	Perceived	descriptive	norms	on	quantity	(top	row)	and	the	number	of	heavy	episodic	drinking	
days	(HED;	bottom	row)	in	the	past	30	days	in	two	exemplary	individuals	(young	males,	heavy	
drinkers).	Individual	A	(autonomy=0.9)	is	shown	on	the	left,	individual	B	(autonomy=0.5)	is	shown	on	
the	right.	Moving	averages	were	used	to	smooth	outcomes	over	90	days.	Norms	and	drinking	behavior	
under	the	baseline	setting	and	under	experiment	1	(starting	five	years	into	the	simulation)	are	shown.	
The	latter	entailed	an	intervention	directed	at	heavy	drinkers,	aiming	to	decrease	the	perception	bias	
regarding	the	level	of	alcohol	use	per	occasion	in	relevant	others,	starting	five	years	into	the	
simulation.			
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Figure	5	Prevalence	of	current	drinking	in	the	past	12	months	under	the	baseline	setting	compared	to	
experiment	3.	The	latter	entailed	a	public	campaign	targeting	injunctive	norms	in	order	to	discourage	
alcohol	use,	starting	five	years	into	the	simulation.		
	
